Subclavian steal syndrome (SSS) is defined as a group of symptoms that arise from reversed blood flow in the ipsilateral vertebral artery. It is the consequence of proximal occlusion or highgrade stenosis of the subclavian artery. The subclavian obstructive lesions are mostly located in the proximal segment of the subclavian artery and predominantly on the left side. In contrast, there are only a small number of patients that present with right-sided symptoms and even fewer with bilateral symptoms. Endovascular therapy of occlusions and high-grade stenosis of subclavian artery proximal to the origin of the vertebral artery becomes an established therapy in last two decades. We report a case of successful endovascular treatment of right-sided subclavian steal and high-grade (80%) right subclavian artery stenosis due to atherosclerotic occlusive disease with balloon-expandable stent using brachial approach.
INTRODUCTION
Subclavian steal syndrome (SSS) is defined as a group of symptoms that arise from reversed blood flow in the ipsilateral vertebral artery although the term syndrome is usually attributed to clinical symptomatic presentation [1] . Patients with subclavian steal are usually asymptomatic, though they may present with transient ipsilateral arm claudication, symptoms of posterior cerebral circulation, and/or cardiac ischemia in patients undergoing coronary artery bypass graft (CABG) surgery with left internal mammary artery (LIMA) as the graft [2, 3] .
The non-invasive color Doppler ultrasonography (CDUS) is now regarded as the standard screening tool for the SSS. An arm blood pressure difference greater than 20 mm Hg has been proven to be a sensitive threshold for the detection of the subclavian steal. CT or MR angiography is the confirmatory test for any suspected subclavian steal cases found on ultrasound examinations [4] .
Traditionally, surgical revascularization has been the preferred treatment option with acceptable long-term results [5] . However, over the last two decades, endovascular therapy of localized supra-aortic vessel disease becomes an established therapy [6, 7] .
In this article, we report a case of successful endovascular treatment of acquired right-sided subclavian steal and high-grade (80%) right subclavian artery stenosis due to atherosclerotic occlusive disease with balloonexpandable stent using brachial approach.
CDUS showed retrograde right vertebral artery flow with the parvus-tardus waveform in the ipsilateral subclavian artery which confirmed the diagnosis of rightsided SSS.
MSCT angiography of the supra-aortal branches was performed and revealed an eccentric calcified high-grade (80%) stenosis in proximal segment of the right subclavian artery.
Our chose was the endovascular treatment of this lesion, so we started the procedure with standard digital subtraction (DSA) arch aortography under local anesthesia via a unilateral femoral approach using 5 F angulated pig-tail catheter followed by selective angiography of the brachiocephalic trunk using 5 F headhunter 1 catheter (Figure 1) . We confirmed the diagnosis of an eccentric high-grade stenosis of the right subclavian artery close to its origin as well as the reversal of flow in the right vertebral artery. Despite several attempts we couldn't cross the lesion by the guide-wire so we decided to withdraw the femoral access and use the only right brachial approach. After successful puncture of the distal segment of the right brachial artery, 7 F sheet was introduced with its tip into the axillar artery (Figure 1) . Now we were able to cross the lesion by standard 0.038-inch Terrumo guide-wire (from the right axillar artery into the aorta) followed by 5 F straight angiographic catheter. First we performed the pre-dilatation using 8 × 20 mm balloon ( Figure 1 ) and then 10 × 20 mm balloon-expanding stent was placed. On the postinterventional angiography we can see successfully restituted patency of the right subclavian artery without residual stenosis (Figure 1) . 24 hours after the intervention CDUS was performed. It revealed restored antegrade right vertebral artery flow as well as regular flows in the ipsilateral subclavian and brachial artery as confirm of the success of the endovascular intervention.
The patient had no adverse events.
DISCUSSION
Subclavian artery occlusive disease occurs in relatively younger patients (mean age 49 -69 years) than more common types of atherosclerotic disease [8] [9] [10] . While in most reports there is only slight predominance of male patients, female patients have represented the majority in several studies [11, 12] . The most common cause of subclavian artery occlusive disease is atherosclerosis, followed far less often by Takayasu's arteritis. Rarely, radiation-induced atherosclerosis obliterans is a cause [13] .
The acquired subclavian steal syndrome is mostly leftsided with Labropoulos et al. reporting 82.3% of their cases [14] . Shillinger et al., Staikov et al. and de Vries et al. in their studies showed that the subclavian obstructive lesions are mostly located in the proximal segment of the subclavian artery, proximal to the origin of the vertebral artery and predominantly on the left side [11, 15, 16] . Because the left subclavian artery has a more prominent angle at its origin, it is likely that turbulent flow patterns in the aortic arch and at the origin of the subclavian artery are responsible for extensive plaque formation at this particular location accelerating atherosclerosis [17, 18] .
In contrast, there are only a small number of patients that present with right-sided symptoms and even fewer with bilateral [19] [20] [21] .
For either surgical or endovascular treatment, the indications are as follows: vertebrobasilar ischemia [22] [23] [24] [25] , upper limb ischemia, hand "claudication" and digital embolization [12, 26, 27] , both of the preceding [24] , angina in patients with a LIMA graft [28, 29] and leg claudication in patients with axillo-femoral grafts [29] . Additional indications include increased flow for schedule operative procedure (i.e., LIMA graft, axillofemoral graft, dialysis graft) [30] .
Operative methods include carotid-subclavian and axillo-axillary bypass using synthetic grafts or saphenous vein, or transposition of the subclavian artery up to the common carotid artery [31, 32] . Perioperative mortality is low (0% -0.8%), and stroke rate ranges from 0.5% to 5%. Five-year primary patency rates range from 92% to 95%, and 8 -10 year primary patency ranges from 83% to 95% [33] [34] [35] .
The development of percutaneous methods for the treatment of SSS has revolutionized the management of these patients, mainly by decreasing the complication rate [36] .
These methods mainly include PTA and stenting. Several reports of PTA for proximal subclavian artery obstructive disease showed high rates of technical success with low complication rates [25, 37, 38] .
Erbstein et al. reported a rate of success of 88% in 24 patients treated with PTA of the proximal subclavian artery [39] . Bachman and Kim described a successful outcome using PTA for the treatment of SSS [40] . Motarjeme et al. in a review about PTA of the supra-aortic vessels, studied 112 patients that were submitted to treatment of 151 lesions in the innominate, subclavian, carotid, and vertebral arteries. PTA achieved a rate of success of 100% in subclavian artery stenosis (n = 67). In 13 cases of subclavian artery occlusion, however, only 6 (46%) were recanalized. They concluded that PTA can achieve excellent immediate and long-term results in proximal subclavian artery stenosis, however subclavian artery occlusions may not respond well to PTA, and those successfully recanalized have a high reocclusion rate (50%) [6] .
Although the initial success rate of PTA is high, the long-term angiographic patency is unclear and not ac- ceptable in many reports [26, 41] . The use of stents appears to improve both acute and long-term results [42] . Mathias et al. reported acceptable initial successful treatment rate of 83% and low rate of re-occlusion in 2% for subclavian artery occlusions with self-expanding stent [43] . In study of Sakai et al. results are even better with 89.3% successful rate of recanalization and no re-occlusion in the follow-up period, as balloon-expandable stent used in this series [44] .
Stenting has been considered safe. Risks related to this procedure are stroke, arterial rupture and reocclusion [45] [46] [47] . Stenting may increase the initial success in recanalization of occlusions, improve long-term patency, and protect atheromatous debris or thrombus from dislodgement during PTA by trapping this material between the vessel wall and the stent mesh [48] .
Sakai et al. treated 26 patients with 28 lesions (2 of patients had bilateral lesions) in their study. They reported successful endovascular treatment of 5 right-sided SSS due to atherosclerotic occlusive disease. Two of these patients had bilateral subclavian artery occlusions and other three cases were associated with high-grade internal carotid artery stenosis [44] . They didn't report any successfully treated isolated right subclavian artery lesions as it was in our case.
De Vries et al. were treated 110 patients with lesions of subclavian artery proximal to the origin of the vertebral artery. The left subclavian artery was involved in 84 cases, and 26 lesions were right-sided. Of the 8 failures, 1 referred on right subclavian artery occlusion and regarding complications, 2 patients with major or minor stroke had multiple-vessel extracranial disease in combination with right-sided subclavian artery obstruction. They suggested that PTA of the right subclavian artery is a riskier procedure, even without extensive extracranial artery disease, because of the proximity of the common carotid artery. It can be assumed that patients with this combination of disease are at higher risk for thromboembolic complications of the carotid and middle cerebral arteries. In their opinion, subclavian artery transposition in these patients might be a useful alternative. In their study, a femoral approach was used in 89 patients, brachial approach in 6 patients and in 15 procedures, a combined femoral and brachial approach was used [18] . They didn't report that any of these 26 right-sided lesions were treated using only brachial approach, and even, the Copyright © 2014 SciRes.
OPEN ACCESS number of treated isolated right-sided lesions (without multiple-vessel extracranial disease) was unknown. Wang et al. reported the results of endovascular treatment of 59 patients with 46 left-sided subclavian artery lesions, 11 of lesions were right-sided and 2 patients had bilateral subclavian artery disease. They used femoral approach in 47 procedures, combined femoral and brachial approach in 11 procedures, and brachial approach in 2 procedures. One of two patients which were treated using brachial approach had bilateral subclavian disease and the other one had left-sided lesion. On the other hand, all stenting in this series were performed using self-expanding stents instead of balloon-expandable stents [48] .
So, to the best of our knowledge, nobody described a case of successfully treated symptomatic acquired (atherosclerotic) right-sided high-grade subclavian artery stenosis with balloon-expandable stent using brachial approach. In our case the lesion was isolated -neither bilateral subclavian, nor connected with multiple-vessel extracranial disease. The procedure was facilitated with a main advantage of the brachial approach -shorter and less tortuous path to the lesion.
CONCLUSION
Although it is generally believed that endovascular recanalization (PTA or stenting) of the right subclavian artery is a riskier procedure, and especially of higher risk for thromboembolic complications, primary stenting of these lesions with high radial force balloon-expandable stents using brachial approach might be a safe and valid alternative to surgery.
